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Section S1. Additional methods 1) The value from a calculation at L405-409 was conducted based on the data from this study. We averaged all the durations of the observed trips across the 5 populations, resulted in the duration of the total foraging per worker (FDM) of 135.6min (for detail see Table S2 ) but the values at L413-415 were estimations by extrapolating the above value to a demographic data obtained by a previous study. Thus, the calculation is not a simple reversing (because the obtained values from this study were extrapolated to an independent data to estimate the foraging duration that requires to rear a pupa in the population used in Ref. 23).
2) Next, for the demographic data (Table S1 ) total duration of foraging for each nest (TFD) in the previous study (Ref. 23 ) was calculated as FDM x no of workers in each nest (TFD). The obtained TFDs were averaged by the number of the nests (n=17), resulted in ATFD=279.18min.
3) Then, we estimated the required duration of foraging to produce a pupa (FDMP) 5) Finally, we estimated increase in inclusive fitness of a eusocial worker as the expected IF from the benefit from the improvement in foraging efficiency = 0.75FW+0.25MW (=1.058).
6) Then, we calculated this value explain how many proportions of the observed average inclusive fitness of a eusocial worker (1.826) by 1.058/1.826=57.93%. In fact, a part of queens mated twice, this estimate should be an overestimation. However, even the contribution of RAB was overestimated the contribution of benefits of grouping is much large, this overestimation is not a serious problem (see 10)).
7) Frequencies of occurrences of empty-time were 5/19 and 2/38 in solitary and social nests, respectively. In addition, the average durations of empty time were 12.32min and 2.84min in solitary and social nests, respectively. Thus, average empty risk-odds is 12.32 : 2.84 = 4.34 : 1 for solitary : social nests. In addition, the average foraging duration per pupa is 12.32min, and thus a solitary female is expected to produce 12.32/36.44=0.338 offspring.
8) The average number of brood cells in the solitary nests is 4. Thus, when a solitary female cooperates with other females, under the assumption of |b| = |c|, a solitary female will increase the expected survived offspring to 0.338*4*0.918 (the larval survival rate in the social nests) = 1.241. Thus, increased IF by altering the behavior from solitary to social = 0.5*1.241*0.25+0.5*1.241*0.75=0.621.
9) For increased IF by RAB we conducted following estimation. A solitary female is expected to produce 12.32/36.44=0.338 of offspring. If she participated in a social nest, the survival rate of larvae will raise to 0.918. Thus, she expected 0.338*0.918=0.310 offspring when she participated in a social nest under the assumption of |b| =|c|. Thus, the expected IF =0.5*0.310*0.25+0.5*0.310*0.75 =0.155.
10) In sum, as shown in Table 1 , the sum of these estimates (1.834) are close to the observed IF (1.826). There is a slight excess of the estimate, but there would be an overestimation of a benefit of grouping (see 6)), and thus when including this overestimation, the benefits of grouping explained the most of the increased inclusive fitness of a eusocial worker.
Distribution of dependent variables used in GLMs. Table S3 . The obtained parameters to estimate expected inclusive fitness of a eusocial worker.
Parameter Estimates
The average duration of a trip/worker in social nests (FDM) 135.60 (min)
The required foraging duration per offspring (AFDMP) 36.44 (min)
The average total duration of foraging by a social nest (TFDM) 279.18 (min)
Filled rate of larval cells in the social nests 0.918
The average no. of produced offspring by a social female 3.019
The average no. of produced offspring by a solitary female 0.2
The observed foraging duration in solitary nests)FDS) 12.32 (min) 
